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Abstract

In a 2013 article published by Driessen et al. the authors concluded that they were unable
to further distinguish Cren7 from Sul7/Sac7d. However, they were able to conclude that both the
binding to DNA and the protein concentration were positively correlated. This implies that there
exists cooperation between these proteins and DNA. This finding contrasts with research from
McAfee et al. McAfee et al. did robust biophysical assessments of Sac7d binding to DNA, before
concluding Sac7d binds uncooperative. The methods used by Driessen et al. do not strongly
support their conclusion. That conclusion would be better supported with strong biophysical
analysis on the binding association between Cren7 with DNA, using similar methods from
McAfee et al. The goals of this portion of the research were to obtain/make the gene for Cren7
protein, successfully transform Escherichia Coli cells to produce and then isolate the pure Cren7
protein for biophysical analysis at a later time. Additionally, a fresh stock of Sac7d protein was
isolated for comparison. Results were five fraction isolations that came off at different salt
concentrations than historically expected for Sac7d, which will require further analysis. The
attempt to transform cells was unsuccessful and not repeated due to time restrictions.
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Introduction

DNA is the code for survival and existence in a cell. There is a lot of information stored
in DNA, but with the small size of the cell and the other proteins and organelles in the cell, there
is not much spare room. To save space the DNA is compacted via supercoiling for smaller
storage, yet still is accessible for cell function. There are three distinct ways that DNA is stored
within a cell: wrapping, bridges and bending. Bending and bridges are often used together in a
cell, but cells prefer to either wrap or bend their DNA (Luijsterburg et al.).
Archaea cells are often hybrids of bacterial and eukaryotic traits. Archaea often live in
extreme conditions and have developed different adaptation. Due to the rarity of Archaea in
everyday life they are the least studied of the three kingdoms. There are two main groups of
Archaea: Euryarchaea and Crenarchaea (Driessen, Dame, 2011). Euryarchaea, with regards to
DNA storage, are similar to Eukaryotes in that they wrap DNA around histone-like proteins.
Crenarchaea use a number of proteins to bend the DNA before using bridges to hold it. Two
DNA bending proteins in Crenarchaea are Sul7 and Cren7.
Sul7 (Sac7d or Sso7d) was first isolated from Sulfolobus acidocaldarius. This organism
is a hyperthemophile that lives in acidic hot springs and requires temperatures between 60-85°C
to grow (McAfee et al.). By comparison 25°C is 68°F, and Escherichia coli has optimum growth
at 37°C.
The many names for this family of proteins started with S. acidocaldarius, the first three
letters are Sac. The size/weight of this protein is 7 kilo Daltons and each different member of the
family was given a letter a-e, all of whom have nearly identical function. Sso7d, is a similar
protein to Sac7d and is found in Sulfolobus solfataricus (S. solfataricus). However both of these
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species share the same group Sulolobus, so they are just called Sul, for a more unified potein
naming convention (Driessen, Dame, 2013).
Sul7 is conserved across most Crenarchaea species. Its role is to bind double stranded
DNA and induce a 60° bend away from the protein, rather than partially around itself
(Luijsterburg et al.). The structure of Sul7 is two β-sheets and one α-helix on the C-terminus end.
This basic protein binds to non-specific sequences of DNA, in the minor groove. In addition to
inducing a bend in the DNA, Sul7 also helps protect the DNA from heat damage (Driessen,
Dame, 2011).
Binding studies of Sac7d have shown that it binds to DNA using electrostatic interactions
and in an uncooperative fashion. Electrostatic interactions are shown by introducing ions, in the
form of salt, to interfere with the binding of protein and DNA. Sac7d binds less to DNA when
there is a higher salt concentration. Uncooperative binding means that a Sac7d protein does not
“pay attention” to the amount or location of other Sac7d proteins (McAfee et al.). In contrast
cooperative indicates that because one protein binds, in this case to DNA, at least one more
protein is compelled to bind as well. Thus, the behavior of one protein influences others nearby.
Cren7 is another protein conserved among many Crenarchaea. It was only recently
discovered because it behaves nearly identical to Sul7. Both Cren7 and Sul7 were co-purified
together and then isolated. Cren7 has a different amino acid sequence than Sul7 and its structure
is two β-sheets with a loop between them. Cren7 also induces a bend of 53° in DNA. Other than
these subtle difference, Cren7 and Sul7 share the same role within the cell, like structure and
biophysical properties. Both also bind to non-specific sequences of DNA along the minor groove
to induce rigid bends (Driessen, Dame, 2011).
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Driessen et al., in 2013, attempted to better distinguish the roles that Cren7 and Sul7 play
in the cell. It is known that they exist in different concentration at different times in the cell’s
life, but not why this occurs. Most of their findings were consistent with the prior understanding
that Cren7 and Sul7 are nearly identical in function and all other properties. However, one
finding indicated that as the concentration of Cren7 or Sul7 increased, the amount of that protein
bound to DNA also increased. Essentially, as the amount of protein increases, other proteins
became “aware” of each other and changed the rate that they bind DNA. This is cooperative
binding and conflicts with the results found by McAfee et al, where Sac7d binds
uncooperatively.
The overall purpose of this research was to obtain purified Sac7d and Cren7 proteins so
that it can be determined if the binding, of Sac7d and Cren7, is cooperative or uncooperative.
This paper details the start of this research.
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Materials and Methods

Strains of Microorganisms.
E.coli cells containing a plasmid with Sac7d and ampicillin (amp) resistance were
obtained from the frozen stocks of prior grad students (Smith).
Plasmid.
Cren7 plasmid with kanamycin (km) resistance was provided by Dr. Zhenfeng Zhang,
associate professor at the Institute of Microbiology, Chinese Academy of Science via filter paper
(Zhenfeng).
Competent Cells.
Cren7 plasmid was introduced into Rosetta 2 (DE3) pLysS competent cells purchased
from Novagen/EMD Millipore. Transformation procedure was provided with the cells (Shriver,
Cells).
Growth of Microorganisms.
E.coli colonies were cultured in sterile liquid Luria Broth (LB) media with ampicillin and
scaled to 2L volumes. This occurred via a 200ml volume with 4ml from a 20ml overnight
culture. It was placed in a shanking incubator at 37°C until an optical density (OD) of 0.7 was
reached. Then 50ml were then transferred to a 2L media flask and incubated under the same
conditions until an OD of 1.0 was reached (Smith).
Optical Density Determination.
The use of a Cary 300 Bio Spectrophotometer on the scan setting was used to determine
all OD values at a 600 nm wavelength. 1x1 cm quartz cuvettes contained the 2mL samples
(Shriver, Cary 300).
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Induction of Protein Expression and Isolation of Cells.
After correct OD was reached in the 2L solution, 3.85mL of [0.5g/10ml] IPTG solution,
made within the hour, was introduced. This solution was then incubated for 1 hour in a 37°C
shaker. Then cells were harvested by centrifugation using a Beckman centrifuge set at 5500 rpm
for 15 minutes at 4°C. Removal of supernatant occurred before storage at -80°C (Smith).
Cell Lysis.
Frozen cells were thawed on ice with cell lysis solution. Cells were then vortexed before
sonication. Sonication program was output control=7, duty cycle=65%, run time 2.5 minutes
with 1 minute rests between three cycles. DNase I [10mg/20ml] was added between cycle two
and three. Solution was incubated in a water shaker at 37°C for 10 minutes before ultracentrifugation. A Sorvall centrifuge set to 50,000 rpm for 1 hour at 4°C was used to centrifuge
(Smith).
Cell Content Dialysis.
Supernatant from Sorvall centrifugation was transferred to 1000 MWCO dialyze tubing.
Tubing was suspended in 2L of 4°C 0.2 M H2SO4 dialysis solution overnight. Contents were
ultra-centrifuged in a Sorvall centrifuge set to 40,000 rpm for 30 minutes at 4°C. Supernatant
was transferred to a second 1000 MWCO tubing and dialyzed 3-4 times against 2L of 10mM
NaH2PO4 solution at 4°C. Resulting liquid was stored at 4°C, until HPLC analysis (Smith).
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HPLC Analysis.
High Pressure/Performance Liquid Chromatography (HPLC) occurred using a 5ml cation
exchange HiTrap SP column. Buffers A contained Na2HPO4 and Buffer B created the salt
gradient used to isolate the protein of interest. Gradient went from 0% to 100% Buffer B and
occurred over twenty 2ml fractions. Sac7d was expected to elude at about 0.3 M NaCl (Shriver,
HPLC).
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Results

Growth.
Four batches of cells were grown/tested. Batches were named 1, 2, A, B, and C where A,
B and C were cultured in parallel. Additionally, batches A, B and C were scaled to 1L volumes,
but all other criteria were kept the same. Batches 1, 2 and C were obtained from the same stock
“Kelly”, batch A came from stock “Andrew” and batch B came from “Pink tape-Gokool”.
However, batch C did not show overnight growth and was not grown/tested.
Optical Density.
OD for batch 1 at 2L plateaued at 0.6. OD for batch 2 at 200ml was over-cultured to 1.5.
Batches A and B met target OD values for both 100mL and 1L volumes.
HPLC Analysis.
Protein from batches 1 and 2 showed no signal on HPLC. Retested HPLC with
previously purified Sac7d protein and obtained expected peak at elution roughly in the 3rd
fraction. Batch A peaked before and during the first fraction. Batch B had two peaks well
contained between fractions 2-3 and 4-5. Fractions were stored at 4°C for future analysis.
Cell Lysis.
Solution was changed between batches 2 and A, as a possible remedy to lack of HPLC
response. Initial solution contained NaH2PO4, EDTA, Triton X-100 and PMSF, at pH 7. This
solution had a short shelf life of one day. The later solution contained Tris-HCl, EDTA, Triton
X-100 and PMSF at pH 8. This solution had a longer shelf life.
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Transformation of Cren7 plasmid.
Half of the plasmid circle on the filter paper was used in the transformation, the other half
was stored for backup. Two plates were used for the test plasmid and another two for Cren7 with
amp and km antibiotics respectively. After 20 hours of incubation no grow was observed on
either plate.
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Discussion

After reassessment of the method and execution of batch A, it was determined that the
cells did not receive enough aeration for adequate cell growth. Thus the cells plateaued. The
overgrowth in batch B was attributed to a failure to stop growth soon enough due to attendance
of a class. Batch C did not show growth, so frozen stock was not successfully transferred to the
media.
Initial problems with the protocol were raised when both batches 1 and 2 failed to yield
peaks on the HPLC. Consideration was given to HPLC, extraction/lysis process, induction
process and cell stock. HPLC was deemed operational when tested with a known purification.
Growth would be repeated from three different stocks to rule out errors. Induction process was
deemed adequate and a new lysis solution from a previous grad student’s paper was chosen to
replace the prior one. This new solution allowed for protein elution peaks to be observed despite
the systematic error introduced during dialysis.
While thoroughly reviewing the protocols for this paper it became evident that during
dialysis only the last ultra-centrifugation was performed. This poses a significant error in the
process. First since the Sac7d protein has a resilience to acidic conditions, whereas most of
E.coli’s native proteins cannot. Those native proteins unfolded and form a white precipitate in
the dialysis bag when exposed to acid. Centrifugation before the next dialysis would allow for
the removal of nearly all proteins except for Sac7d. Thus, the omission of this step would
potentially leave extra protein in the supernatant.
Transformation experienced additional problems and most were not resolved through
repetition, due to time constraints on material delivery and availability of researcher. The
plasmid took four of the available seven weeks to arrive. The antibiotic kanamycin was ordered
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and by late week six had not arrived. In early week seven a search was made to obtain some from
another lab and it was found. Additionally, there were a few aspects of the method that could
produce the results obtained.
First the disk was cut in half and the half to be used was too large to easily be submerged
in the small quantity of liquid, recommended for plasmid removal. Thus additional liquid was
added to cover the disk, and at worst dilute the plasmid concentration.
Second was the time between different steps. Unforeseen issues with table-top
centrifuges and the time to complete different steps were the biggest sources of delay. There
were two table-top centrifuges, one that worked fine and the other with a faulty mechanism to
spin the contents and then to release the lid to access the contents. Coordination of solution order
and volumes for both the test and interest plasmids, caused significantly less delays than the
centrifuge.
Third, a small tube of SOB nutrient broth was provided with the cell kit, however it did
not contain enough liquid for the given reduced batch size and for the remaining batches. To
preserve the SOB, a recipe was found to make it and that solution was used instead.
Fourth, plates were kept chilled and sterile via a parafilm seal rather than a bag, not
available at the time for the reduced plate count. This caused excess moisture to stay in the plates
and made the agar softer than normal.
Fifth, initially a wire loop was used to spread transformed cells on the plates, but due to
the soft plates, technique and or tool, the test plasmid plates received significant surface distress.
The bottom of a small sterile beaker was used for Cren7 transforms, which helped the surface
stay intact better.
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Conclusion

The initial plan for this research was to obtain purified quantities of Sac7d and Cren7 for
later analysis. Both of which were not obtained and will be attempted at a later time. However,
some important sub-points were obtained. First the protocol for the isolation of Sac7d had a more
stable and effective lysis buffer. This buffer allowed for peaks to be observed on the HPLC as
the induced protein was able to leave the cell. Second the plasmid for Cren7 is in possession of
the lab. Initial consideration was given to designing and synthesizing a gene to make Cren7, but
the likelihood of success would be slim. Additionally, the discoverer of Cren7 was willing to
send the plasmid to the lab. Third the lab needed some processes and kinks worked on to ensure
it would be ready for the true isolation of Cren7 protein and its subsequent biophysical analysis.
Thus a short, busy and productive research opportunity.
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